Introduction {#S0001}
============

Diabetes mellitus (DM) and pre-diabetes mellitus (pre-DM) are two common glucose metabolism disorders. DM is defined as a group of metabolic disorders characterized by high blood glucose levels.[@CIT0001] Patients with pre-DM present with disordered glucose metabolism, but their blood glucose levels do not reach the cutoff point for a DM diagnosis. The prevalence of DM continues to increase globally over the past decades.[@CIT0002] Multiple studies[@CIT0003]--[@CIT0005] have reported that patients with DM may also suffer from lipid metabolism disorder. It has been established that the composition of lipid particles in diabetic dyslipidemia is more atherogenic than that in other types of dyslipidemia.[@CIT0004],[@CIT0006]

Hepatitis B virus (HBV)[@CIT0007] or hepatitis C virus (HCV)[@CIT0008],[@CIT0009] infection is a major risk factor that can result in chronic liver malfunction, liver cirrhosis, and hepatocellular carcinoma. It has been reported that hepatitis B infection is the most predominant among all legally notifiable infectious diseases in China.[@CIT0007],[@CIT0010],[@CIT0011] In addition, it has been estimated that between 130 million and 150 million people (2--3% of the world's population) are infected by HCV globally.[@CIT0008],[@CIT0009] The prevalence of HCV infection in China is 0.06%; it has become the second most prevalent major liver disease in the nation (surpassed only by HBV infection).[@CIT0012] The association between HBV or HCV infection and DM has been the focus of several studies. These study results were summarized by Desbois and Cacoub[@CIT0013] and El-Serag et al[@CIT0014].

However, the conclusions of these studies were not consistent. Several studies have shown that HCV infection significantly increases the prevalence of DM (eg, Huang et al[@CIT0015] and Sangiorgio et al[@CIT0016]). Though the precise biological mechanisms are still unclear, insulin resistance (IR) is believed to play an important role in the development of various complications associated with HCV infection.[@CIT0008],[@CIT0009] Yet, some other studies (eg, Balogun et al[@CIT0017] and da Costa et al[@CIT0018]) have shown that no significant association exists between HCV infection and the prevalence of DM. Similar conflicting results have been found among studies of the association between DM and HBV infection.[@CIT0019] Along with the inconsistent results, a major limitation of these studies is that they have only considered the association between hepatotropic virus (HBV or HCV) infection or lipid metabolism disorder and DM, and their associations with pre-DM or both DM and pre-DM have been rarely studied. Here, we report the results from analyzing the data from an epidemiological study to investigate the association between glucose metabolism disorder (DM, pre-DM, or both) and hepatotropic virus infection (HBV or HCV), as well as the association between glucose metabolism disorder and lipid metabolism disorder.

Methods {#S0002}
=======

Study design and data {#S0002-S2001}
---------------------

Between June 2011 and December 2011, an epidemiological study was conducted among individuals aged more than 40 years old from six community health care centers in the city of Changchun, a capital city of Jilin Province that is located in Northeastern China. From the six communities, three housing estates were randomly selected. This study was part of the nationwide survey for the REACTION study (Risk Evaluation of Cancers in Chinese Diabetic Individuals: A Longitudinal Study[@CIT0020]). From each housing estate, 560 residents who were older than 40 years participated as the study subjects. Of the 10,080 patients who were included in the study, 9571 subjects completed the survey. Subjects were excluded if they had (1) experienced severe trauma, surgery, myocardial infarction, cerebral infarction, or cardiovascular diseases in the previous 3 months, (2) a history of diabetes mellitus, cancer, or hepatorenal insufficiency, (3) simultaneous infection of both HBV and HCV, or (4) a fasting blood glucose lower than 3.9 mmol/L.

One day before the survey was conducted, a written consent form was obtained from the participants; each participant was then given a serial subject code that was later used to identify the participant and blood collection. On-site health surveys were distributed by trained physicians and medical school students to the participants. The survey questions included general information, medical history, family history, eating habits, and exercise habits of the participants. The participants underwent blood testing after a 12-hr overnight fast to measure liver function (creatinine (CRE), aspartate aminotransferase (AST), glutamyl transpeptidase ($\documentclass[12pt]{minimal}
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\end{document}$-GT), and alanine aminotransferase (ALT)), blood lipid profile (high-density lipoprotein cholesterol (HDL-C) and low-density lipoprotein cholesterol (LDL-C), triglycerides (TG), total cholesterol (CHOL)), fasting insulin and fasting blood glucose, hepatitis B surface antigen (HBsAg), and hepatitis C virus antibody (HCvAb). Subjects who showed no history of DM were given an oral glucose tolerance test. Fingertip blood samples were collected to test for glycosylated hemoglobin (HbAc). Liver function and lipid profiles were analyzed using an Automated Biochemical Immune Detector (Abbott Laboratories, North Chicago, Illinois, US). HBsAg and HCvAb were analyzed using the enzyme-linked immunosorbent assay (Shanghai Kehua Bio-engineering Co., Ltd. and British Families and New, Xiamen, Fujian, China, respectively). Information on gender, age, history of DM, hepatitis, and other chronic liver diseases and associated treatment were collected using unified questionnaire forms from the participants, and the questions were asked and recorded by trained medical personnel. Body weight and height were also measured. Height was measured in centimeters, and weight was measured in kilograms. Body mass index (BMI) was calculated using height and weight measurements.

In our data analysis to investigate the association between glucose metabolism disorder (DM, pre-DM, or both) and HBV or potential HCV infection or lipid metabolism disorder, we included liver function (CRE, AST, $\documentclass[12pt]{minimal}
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\end{document}$-GT, ALT) and blood lipid profile (HDL-C, LDL-C, TG, CHOL) measures collected from laboratory tests for the subjects. Other four factors (ie, gender, age, hypertension, and BMI) that are commonly associated with DM were also included. We considered the status of DM and pre-DM as the primary outcome, and the status of HBV infection or potential HCV infection was also our primary interest. DM was determined by the fasting plasma glucose (FPG) ≥ 7.0 mmol/L or 2 hr postload plasma glucose (PPG) ≥ 11.1 mmol/L. Pre-DM was determined by the FPG from 6.1 mmol/L to 7.0 mmol/L or 2 hr PPG from 6.1 mmol/L to 7.0 mmol/L. Status of HBV infection was determined by the positive or negative result of HBsAg. Status of potential HCV infection was determined by the positive or negative result of HCvAb (HCV RNA level that can determine HCV infection was not measured in HCvAb positive subjects due to limited study budget). Any subject with missing information in the above measurements were excluded from our analysis. The final data set for analysis consisted of a total of 7665 subjects, of which 2433 were men (31.7%) and 5232 were women (68.3%). The study has been approved by the ethics committee of The First Hospital of Jilin University and was conducted in accordance with the Declaration of Helsinki. The participant consent of the study was written informed consent that was signed by and obtained from the study participants.

Statistical analysis {#S0002-S2002}
--------------------

Frequencies were compared between groups using Fisher's exact test for categorical variables, and Student's *t*-test was used to compare means between groups for continuous variables. *P*-values were calculated for these tests to detect significant differences. Multiple logistic regression analysis was conducted to explore the relationship between DM or pre-DM and HBV or potential HCV infection, adjusting for other factors. The strength of the associations is presented in terms of (OR) with 95% CI and $\documentclass[12pt]{minimal}
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\end{document}$-values. Statistical significance was set at $\documentclass[12pt]{minimal}
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\end{document}$-values of less than 0.05 for all analyses. All statistical analyses were performed in the R statistical environment (R version 3.5.1, 2018 the R Foundation for Statistical Computing Platform).

Results {#S0003}
=======

Comparison between glucose metabolism disorder patients and normal subjects {#S0003-S2001}
---------------------------------------------------------------------------

The baseline characteristics and group comparison results are summarized in [Tables 1](#T0001){ref-type="table"}--[3](#T0003){ref-type="table"}. Of the 7665 subjects (2433 men and 5232 women) included in our study, 4230 of them had glucose metabolism disorder (2468 with DM and 1762 with pre-DM), and the remaining 3435 subjects were normal. Their mean age was 58.01 years with a SD of 9.82. Comparisons between the two groups, the group with DM or pre-DM, and the group with normal glucose metabolism (see [Table 1](#T0001){ref-type="table"}) revealed that age, hypertension, CRE, HDL-C, LDL-C, CHOL, TG, ALT, AST, $\documentclass[12pt]{minimal}
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\end{document}$-value less than 0.05; see [Table 1](#T0001){ref-type="table"}). The prevalence of HBV infection among subjects with glucose metabolism disorders and normal subjects was 5.3% ($\documentclass[12pt]{minimal}
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\end{document}$). Thus, the prevalence of HBV and potential HCV infection was not significantly different between these two groups.Table 1Comparison of basic characteristics and clinical variables associated with diabetes or pre-diabetes among all 7665 subjectsVariableAll subjects\
N=7665Diabetes or pre-diabetes\
yes (N=4230)Normal\
yes (N=3435)*P*-valueSex, male (%)2433 (31.7)1341 (31.7)1092 (31.8)0.9410Age (years)58.01±9.8259.32±9.4856.38±9.99\<0.0001HBV (HBsAg+), N (%)406 (5.3)223 (5.3)183 (5.3)0.9180HCV (HCvAb+), N (%)137 (1.8)85 (2.0)52 (1.5)0.1190Hypertension (%)4667 (60.1)2846 (67.3)1821 (53.0)\<0.0001CRE (µmol/L)68.53±19.1669.17±17.7667.75±20.720.0016HDL-C (mmol/L)1.30±0.291.27±0.291.32±0.29\<0.0001LDL-C (mmol/L)2.94±0.762.97±0.782.90±0.73\<0.0001CHOL (mmol/L)5.14±0.955.20±0.975.07±0.92\<0.0001TG (mmol/L)1.78±1.231.89±1.321.63±1.09\<0.0001ALT (U/L)14.36±10.5214.97±10.9713.61±9.89\<0.0001AST (U/L)21.49±9.6621.78±10.4521.14±8.570.0032$\documentclass[12pt]{minimal}
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\end{document}$)25.19±3.3825.53±3.4124.76±3.29\<0.0001[^1] Table 2Comparison of basic characteristics and clinical variables associated with diabetes among 5903 subjects (diabetic and normal subjects)VariableAll subjects\
N=5903Diabetes\
yes (N=2468)Normal\
yes (N=3435)*P*-valueSex, male (%)1902 (32.2)810 (32.8)1092 (31.8)0.4130Age (years)57.82±9.8259.81±9.2156.38±9.99\<0.0001HBV (HBsAg+), N (%)318 (5.4)135 (5.5)183 (5.3)0.8154HCV (HCvAb+), N (%)106 (1.8)54 (2.2)52 (1.5)0.0591Hypertension (%)3527 (59.7)1706 (69.1)1821 (53.0)\<0.0001CRE (µmol/L)68.69±20.2870.00±19.5667.75±20.72\<0.0001HDL-C (mmol/L)1.29±0.291.26±0.281.32±0.29\<0.0001LDL-C (mmol/L)2.93±0.762.98±0.802.90±0.73\<0.0001CHOL (mmol/L)5.13±0.955.21±0.985.07±0.92\<0.0001TG (mmol/L)1.77±1.211.96±1.331.63±1.09\<0.0001ALT (U/L)14.33±10.2215.34±10.5913.61±9.89\<0.0001AST (U/L)21.32±9.1621.57±9.9221.14±8.570.0787$\documentclass[12pt]{minimal}
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N=5197Pre-DM\
yes (N=1762)Normal\
yes (N=3435)*P*-valueSex, male (%)1623 (27.4)531 (30.1)1,092 (31.8)0.2297Age (years)57.15±9.9858.64±9.8056.38±9.99\<0.0001HBV (HBsAg+), N (%)271 (4.6)88 (5.0)183 (5.3)0.6448HCV (HCvAb+), N (%)83 (1.4)31 (1.8)52 (1.5)0.5591Hypertension (%)2,961 (57.0)1,140 (64.7)1,821 (53.0)\<0.0001CRE (µmol/L)67.84±18.9268.00±14.7967.75±20.720.6208HDL-C (mmol/L)1.31±0.291.30±0.291.32±0.290.0221LDL-C (mmol/L)2.92±0.742.97±0.762.90±0.730.0016CHOL (mmol/L)5.11±0.935.18±0.955.07±0.92\<0.0001TG (mmol/L)1.69±1.171.80±1.301.63±1.09\<0.0001ALT (U/L)13.90±10.4614.46±11.4713.61±9.890.0082AST (U/L)21.45±9.5322.07±11.1421.14±8.570.0022$\documentclass[12pt]{minimal}
\usepackage{wasysym}
\usepackage[substack]{amsmath}
\usepackage{amsfonts}
\usepackage{amssymb}
\usepackage{amsbsy}
\usepackage[mathscr]{eucal}
\usepackage{mathrsfs}
\DeclareFontFamily{T1}{linotext}{}
\DeclareFontShape{T1}{linotext}{m}{n} {linotext }{}
\DeclareSymbolFont{linotext}{T1}{linotext}{m}{n}
\DeclareSymbolFontAlphabet{\mathLINOTEXT}{linotext}
\begin{document}
$$ {\rm{\gamma }}$$
\end{document}$-GT (U/L)29.96±34.7730.56±33.2129.64±35.540.3557BMI ($\documentclass[12pt]{minimal}
\usepackage{wasysym}
\usepackage[substack]{amsmath}
\usepackage{amsfonts}
\usepackage{amssymb}
\usepackage{amsbsy}
\usepackage[mathscr]{eucal}
\usepackage{mathrsfs}
\DeclareFontFamily{T1}{linotext}{}
\DeclareFontShape{T1}{linotext}{m}{n} {linotext }{}
\DeclareSymbolFont{linotext}{T1}{linotext}{m}{n}
\DeclareSymbolFontAlphabet{\mathLINOTEXT}{linotext}
\begin{document}
$${\rm{kg}}/{{\rm{m}}^2}$$
\end{document}$)24.90±3.3325.17±3.3824.76±3.29\<0.0001[^3]

Comparison between diabetes and normal subjects {#S0003-S2002}
-----------------------------------------------

If we excluded the pre-DM subjects from the original sample and retained the data from the DM and normal individuals, there were 5903 subjects with a mean age of 57.82 years with a SD of 9.82 years. Comparisons between these two groups, the group with DM, and the group with normal glucose metabolism (see [Table 2](#T0002){ref-type="table"}) showed that the differences between age, hypertension, CRE, HDL-C, LDL-C, CHOL, TG, ALT, $\documentclass[12pt]{minimal}
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\end{document}$, which is borderline nonsignificant. Thus, the difference in the prevalence of both HBV and potential HCV infection was still not significant between DM and normal subjects after excluding pre-DM subjects.

Comparison between pre-diabetes and normal subjects {#S0003-S2003}
---------------------------------------------------

If we excluded the DM subjects from the original sample and retained the data from pre-DM and normal individuals, there were total 5197 subjects, and the mean age was 57.15 years with a SD of 9.98. Comparisons between these two groups, the group with pre-DM and the group with normal glucose metabolism (see [Table 3](#T0003){ref-type="table"}), showed that the differences between age, hypertension, HDL-C, LDL-C, CHOL, TG, ALT, AST, and BMI remained significant. Contrary to the previous two comparisons, the mean values for CRE and $\documentclass[12pt]{minimal}
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The prevalence of DM among the subjects with HBV and potential HCV infection was 42.5% (135/318) and 50.9% (54/106), respectively (see [Figure 1](#F0001){ref-type="fig"}). The prevalence of pre-DM among subjects with HBV and potential HCV infection was 32.5% (88/271) and 38.3% (31/83), respectively (see [Figure 1](#F0001){ref-type="fig"}). The prevalence of DM was significantly different from 50% ($\documentclass[12pt]{minimal}
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\end{document}$).Figure 1Prevalence of diabetes and pre-diabetes among subjects with hepatitis B virus and potential hepatitis C virus infection.

Multiple logistic regression analysis {#S0003-S2004}
-------------------------------------

Multiple logistic regression analysis was conducted among all 7665 subjects to adjust for the factors that are associated with glucose metabolism disorder (see [Table 4](#T0004){ref-type="table"}). Because of the possible correlation between variables (eg, ALT, AST, and $\documentclass[12pt]{minimal}
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\end{document}$-GT are three measures of liver function, and therefore maybe correlated), we only included sex, age, potential HCV infection, HBV infection, hypertension, BMI, CRE, HDL-C, and ALT. The results showed that hypertension (OR=1.8129) was the most significant independent factor associated with glucose metabolism disorder. Other significant factors were male gender (OR=0.8352), BMI (OR=1.0573), age (OR=1.0305), HDL-C (OR=0.7232), and ALT (OR=1.0146). With an identical set of adjusting factors included, multiple logistic regression analysis was conducted among the 5903 DM and normal subjects (see [Table 5](#T0005){ref-type="table"}). These results showed that hypertension (OR=1.9791) was also the most significant factor associated with DM. Other significant factors were male gender (OR=0.8442), BMI (OR=1.0733), age (OR=1.0362), HDL-C (OR=0.6017), and ALT (OR=1.0114). Multiple logistic regression analysis was also conducted among the 5197 pre-DM and normal subjects (see [Table 6](#T0006){ref-type="table"}). The results showed that hypertension (OR=1.5805) was the most significant independent factor associated with pre-DM. Other significant factors were male gender (OR=0.8366), BMI (OR=1.0361), age (OR=1.0225), and ALT (OR=1.0091). The comparison made through multiple logistic regression showed that neither HBV infection nor potential HCV infection was associated with glucose metabolism disorder.Table 4Multiple logistic regression analysis of variables associated with diabetes or pre-diabetes among all 7665 subjectsVariableOR95% CI*P*-valueHBV (HBsAg+), N (%)No1Yes1.11830.7794--1.61580.5467HBV (HBsAg+), N (%)No1Yes0.97260.7879--1.20170.7961SexFemale1Male0.83520.7484--93170.0013HypertensionNo1Yes1.81291.6465--1.9964\<0.0001BMI ($\documentclass[12pt]{minimal}
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Discussion {#S0004}
==========

In this study, we investigated the association between glucose metabolism disorder and hepatotropic virus infection or lipid metabolism disorder. All results (group comparisons and logistic regressions) suggest that glucose metabolism disorder (DM, pre-DM, or both) and hepatotropic virus infection (HBV or potential HCV infection) are not significantly associated. We further determine that hypertension is the leading significant variable associated with DM, pre-DM, or both, followed by the factors including gender, BMI, age, and ALT. HDL-C is a factor that is not significantly associated with pre-DM, but it is associated with DM.

Our results show that there is not a significant association between glucose metabolism disorder and hepatotropic virus infection. Though a few other studies have also reported that no detected association exists between DM and HBV or HCV infection,[@CIT0021] the majority of studies have shown that patients with HBV or HCV infection have an increased risk of DM.[@CIT0022]--[@CIT0024] Several studies have proposed that the association can be explained by the cytopathic effects caused by HBV or HCV infection in diseased extrahepatic organs.[@CIT0015],[@CIT0025] Thus, it has been reported that multiple extrahepatic autoimmune diseases (eg, thyroiditis, thrombocytopenia, and arthritis), including DM, can be triggered by these viruses.[@CIT0026],[@CIT0027] Our numerical results appear to contradict previous findings. However, the results of previous studies require further examination. As highlighted by Zhang et al[@CIT0019] and the authors of many other articles, the status of HBV or HCV infection should be clearly defined. After infection, the patients may either develop immunity and clear the disease in the short term (acute infection) or become chronic virus carriers. Chronic carriers, taking HBV infection as an example, can be further classified as asymptomatic chronic HBV carriers or diagnosed with chronic hepatitis B. Other studies have also considered virus holders with different genotypes or other characteristics (eg, viremia vs nonviremia[@CIT0015]). The significant associations detected in previous studies have mostly resulted from comparisons between chronic virus carriers or more specific classifications and non-infected controls. Zhang et al[@CIT0019] summarized five different comparisons in previous studies. In our study, because the status of HBV infection and potential HCV infection was determined by HBsAg and HCvAb analyses, respectively, we compared HBV or potential HCV infection in general with a noninfected population. Thus, our results (ie no significant association between glucose metabolism disorder and hepatotropic virus infection) could be significantly different from the results of previous studies, because only 5--10% HBV[@CIT0028] and 75--85% HCV[@CIT0029] infected adults will develop chronic HBV and HCV, respectively. Hence, the association between glucose metabolism disorder and hepatotropic virus infection may only occur for chronic hepatotropic infection, and only long-term HBV or HCV infection in extrahepatic organs can trigger extrahepatic autoimmune diseases such as glucose metabolism disorders. Unfortunately, the current data set cannot be used to confirm this assertion.

Our results show a significant association between glucose metabolism disorder and lipid metabolism disorder. This is a well-represented finding, and these two conditions and their association have been studied frequently because dyslipidemia is an important mediator of the cardiovascular risk associated with diabetes.[@CIT0004] In our data set, HDL-C, LDL-C, CHOL, and TG are measurements of lipid metabolism. All the three group comparisons, ie, DM versus normal subjects, pre-DM versus normal subjects, and DM or pre-DM versus normal subjects, show significant differences in the mean values of these measurements. The logistic regression analysis results reveal that HDL-C is a significant factor associated with glucose metabolism disorder (OR=0.7232 for DM versus normal subjects, OR=0.6017 for pre-DM versus normal subjects). Previous studies confirmed these results and reported that DM patients exhibited low HDL-C, elevated small dense LDL-C, and elevated TG levels.[@CIT0004],[@CIT0030] We further observe that lipid metabolism disorder is not significantly associated with pre-DM (OR=0.9082, *p*-value =0.3741) when adjusting for other factors. Note that, due to possible associations between adjusting factors, we only present the results from the regression analyses that included HDL-C. The inclusion of other factors (LDL-C, CHOL, or TG) yields similar results, so we do not report these analysis results here.

Our study population has limitations. In the baseline survey of the REACTION study conducted between 2011 and 2012, a total number of 259,657 community-dwelling adults were recruited across mainland China.[@CIT0020] However, our study was conducted from analyzing the data collected in the city of Changchun in Northeastern China. The conclusions drawn from our study may be limited due to the specific region where the participants are located. A nationwide analysis on all participants of the REACTION study may deliver more reliable results.

Conclusion {#S0005}
==========

In conclusion, we studied the association between glucose metabolism disorder and hepatotropic virus infection or lipid metabolism disorder using data collected from the REACTION study. Our results show significant associations exist between lipid metabolism disorder and DM, but no significant associations are detected between lipid metabolism disorder and pre-DM when adjusting for other factors. Furthermore, there is no significant association detected between HBV or potential HCV infection and DM, pre-DM, or both.

The present work was one part of the baseline survey from the REACTION study investigating the association of diabetes and cancer, which was conducted among 259,657 adults, aged 40 years and above in 25 communities across mainland China, from 2011 to 2012. This research was supported by the Science and Technology Department of China through grants 20170623092TC-01 and 20180623083TC-01 and by China's National Development and Reform Commission through grant 2017C019.
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